This study provides an up-to-date analysis of climate change over the Salento area (southeast Italy) using both historical data and multi-model projections of Regional Climate Models (RCMs). The accumulated anomalies of monthly precipitation and temperature records were analyzed and the trends in the climate variables were identified and quantified for two historical periods. The precipitation trends are in almost all cases not significant while the temperature shows statistically significant increasing tendencies especially in summer. A clear changing point around the 80s and at the end of the 90s was identified by the accumulated anomalies of the minimum and maximum temperature, respectively. The gradual increase of the temperature over the area is confirmed by the climate model projections, at short-(2016-2035), medium-(2046-2065) and long-term (2081-2100), provided by an ensemble of 13 RCMs, under two Representative Concentration Pathways (RCP4.5 and RCP8.5). All the models agree that the mean temperature will rise over this century, with the highest increases in the warm season. The total annual rainfall is not expected to significantly vary in the future although systematic changes are present in some months: a decrease in April and July and an increase in November. The daily temperature projections of the RCMs were used to identify potential variations in the characteristics of the heat waves; an increase of their frequency is expected over this century.
Introduction
Climate change is a matter of many debates in the scientific community and describes the perturbations of the climate system due to weather pattern changes. Over the past 150 years, we observed extremely rapid changes in climate that cannot be ascribed to the same natural processes that generated past variations. According to the Fifth Assessment Report (AR5) of the Intergovernmental Panel on Climate Change (IPCC, [1] ) the primary causes of global warming are related to human activities and, in particular, to the emission of greenhouse gases. Adaptation and mitigation strategies to reduce these emissions are required and are currently underway in many countries. The goal set during the 21st session of the Conference of the Parties (COP21) to the United Nations Framework Convention on Climate Change (UNFCCC, [2] ), is to limit global warming to below 2 • C above pre-industrial levels and pursuing efforts to limit the temperature increase to 1.5 • C.
The present study focuses on the Salento area, in the Apulia Region, southeast Italy, where two of the main economic sectors, tourism and agriculture (especially olive oil and wine production), could be affected by climate change. Salento is part of the Mediterranean basin identified by Giorgi [3] as one of the most responsive regions to climate change (Hot-Spots). Philandras et al. [4] showed that the majority of the Mediterranean regions (with few exceptions) have experienced negative trends of the annual precipitation totals (in the period ) and a decrease of about 20% in the annual number of rainy days. According to the Italian National Institute for Environmental Protection and Research (ISPRA, [5] ), in Italy the 21st century mean temperature anomalies, with respect to the period , are on average higher than the global land ones; the mean temperature trend in the period 1981-2016 was equal to +0.36 • C/decade. Besides the analysis of long-term observed precipitation and temperature time-series, one of the most recognized approaches to make future projections, is to adopt physically-based climate model data that account for different greenhouse emission scenarios. General Circulation Models (GCMs) are very helpful in understanding the future evolution of the global climate, but have a spatial resolution (100-300 km) too coarse for assessing regional or local changes [6] . To get a better spatial resolution (10-50 km), Regional Climate Models (RCMs) are obtained by dynamically downscaling GCM data [7] . However, these models are unable to accurately reproduce the historical climate since they suffer systematic biases [8] in the simulated variables (e.g., precipitation and temperature); a correction is therefore needed to obtain reliable local scale results [9] . Another issue is related to the quantification of the inherent uncertainty of the climate models; the reliability of the future projections can be investigated studying their variability with a multi-model ensemble of data: different combinations of GCMs, RCMs and emission scenarios [9, 10] .
Alpert et al. [11] , using RCM data, found that the average temperature over the Eastern Mediterranean area has increased by 1.5 ÷ 4 • C in the last 100 years and the precipitation has exhibited a negative trend in the last 50 years. Future climate projections for the 21st century over the Mediterranean basin are analyzed in different studies based on GCMs and RCMs (e.g., [12] [13] [14] ). The results, according to different model projections and emission scenarios, globally show an increase in temperature in all seasons and for all parts of the Mediterranean, with maximum positive increments in summer; a pronounced decrease in precipitation is projected, especially for the warm season (with few exceptions). Fine scale structures in the precipitation signal, induced by the local orography, are not caught by the GCM projections but are present in the RCM ones [12] . The extremes in temperature and the frequency of the heat waves are also expected to increase over the Mediterranean area (e.g., Zittis et al. [15] ), although their characteristics and effects on human health are not uniform and are related to the local climate and the population tolerance [16] . ISPRA analyzed the future climate in Italy [17] using four RCMs. The climate model data were part of the Med-CORDEX project [18] and developed according to two of the most recent emission scenarios adopted by the IPCC in AR5: the Representative Concentration Pathways (RCPs), RCP4.5 and RCP8.5. The grid resolution was of 0.44 • (~50 km) and no bias correction of the RCM data was performed. Precipitation and temperature were evaluated in three future periods Looking at the individual models, a higher heterogeneity (with respect to the ensemble mean) is observed over the national territory. This suggests, for local studies, the use of a larger ensemble of models, with a higher spatial resolution, to better identify the potential changes and quantify the uncertainty in the results. Precipitation data show a higher spatial variability between models and over Italy; in southeast Italy, according to the ensemble mean, the models show a decrease in the annual rainfall below 50 mm in almost all periods and for both scenarios, with the exception of the period 2061-2090 under the RCP4.5 when increments (<50 mm) are found.
At local scale, Kapur et al. [19] analyzed the climate change in the Apulia region, studying historical precipitation and temperature records available at 162 meteorological stations in the period ; the observed time-series were extended until 2100 based on the GCM HadCM3, developed by the Hadley Centre for Climate Prediction and Research (UK). The results show an increase of temperature in the range 1.3 ÷ 2.5 • C over the 21st century and a non-significant change of precipitation on a yearly basis, with a slight decrease in the summer months and a small increase in the winter season. Later, the study of Lionello et al. [20] [24] and on three RCMs of the CIRCE project [25] , with resolution from about 25 km to about 80 km. All simulations were based on the A1B emission scenario, one of those reported in the Special Report on Emissions Scenarios (SRES, [26] ) and used in the Fourth Assessment Report (AR4) of the IPCC [27] . The climate models estimate, for the study area, a temperature increase of about 2 • C by 2050 with respect to the period 1961-1990; annual, minimum and maximum daily temperatures are expected to increase with rates between 0.35 • C/decade and 0.6 • C/decade (period 2001-2050). A small decrease of annual precipitation (about 10 mm/decade) is evaluated at 2050 with a high inter-annual variability.
The aim of this work is to provide a valuable and up-to-date analysis of the past, present and future climate variability for the Salento area (south of the Apulia region), which will be useful as guide to think and plan mitigation and adaptation strategies. The study starts with the examination of the historical precipitation and temperature data in the last 80 years (updated to 2012) by means of trend analyses (at monthly and annual scale and with different time windows). The accumulated anomalies were used to identify changing points in the recorded time-series. We then used the data of 13 high-resolution RCMs based on two of the most recent emission scenarios (RCP4.5 and RCP8.5) to assess the potential effects of climate change over the Salento area until 2100; the same data were used to identify any future changes in the characteristics of the heat waves. This paper is organized as follows: Section 2 introduces the study area, describes the available historical and climate model data and discusses the methods. Section 3 presents and discusses the main results of the study while conclusions are presented in Section 4.
Materials and Methods

Study Area and Available Data
In this study, we analyzed the historical and future climate data in the Salento area, a portion of the Apulia region, in southeast Italy (Figure 1 ). Salento is a peninsula bordered by the Ionian Sea to the west and the Adriatic Sea to the south and east. The area covers about 6200 km 2 with a perimeter of about 800 km, of which 700 km is coastline. The investigated domain is almost flat, with few gentle hills in the northwest border; the average elevation is about 100 m a.s.l. and the climate is Mediterranean with hot and dry summers and mild, wet winters. The average mean temperature is about 16.5 • C, the coldest months are January and February, with an average mean temperature of about 9 • C and an average minimum temperature of about 5.5 • C, while the warmer months are July and August with an average mean temperature of about 25.4 • C and an average maximum temperature of about 30.7 • C. The average annual precipitation is about 650 mm; the rainfall is concentrated in the autumn-winter months (about 70% of the total), with a high inter-annual variability. Agriculture is one of the primary segments of the Salento economy, together with tourism, mainly during summer; both the sectors strongly depend on the climate.
The historical climate data were extracted from a public regional database (www.protezionecivile. puglia.it) for 40 rain and 30 temperature gauges within and surrounding the Salento area. For these stations, the number of rainy days and the precipitation totals were available at monthly scale, together with the monthly maximum, minimum and mean temperature. From this network, we selected 30 rain and 18 temperature stations that had a long period of records , reliable data and a number of missing values less than 30%. Figure 1 depicts the chosen gauging stations, which are almost uniformly distributed over the study area and located to an altitude ranging from 15 m a.s.l. to 420 m a.s.l.
To analyze the future climate over the study area, daily precipitation and mean temperature data were extracted from 13 RCMs, combined with different GCMs (Table 1) , of the EURO-CORDEX ensemble [28] . All the chosen climate models have a grid resolution of 0.11 • (grid EUR-11, ∼12.5 km), in part depicted in Figure 1 annual variability. Agriculture is one of the primary segments of the Salento economy, together with tourism, mainly during summer; both the sectors strongly depend on the climate. The historical climate data were extracted from a public regional database (www.protezionecivile.puglia.it) for 40 rain and 30 temperature gauges within and surrounding the Salento area. For these stations, the number of rainy days and the precipitation totals were available at monthly scale, together with the monthly maximum, minimum and mean temperature. From this network, we selected 30 rain and 18 temperature stations that had a long period of records , reliable data and a number of missing values less than 30%. Figure 1 depicts the chosen gauging stations, which are almost uniformly distributed over the study area and located to an altitude ranging from 15 m a.s.l. to 420 m a.s.l.
To analyze the future climate over the study area, daily precipitation and mean temperature data were extracted from 13 RCMs, combined with different GCMs (Table 1) , of the EURO-CORDEX ensemble [28] . All the chosen climate models have a grid resolution of 0.11° (grid EUR-11, ~12.5 km), in part depicted in Figure 1 
Analysis of the Historical Data
The precipitation and temperature data, selected from the available gauging stations (Figure 1 ), were used to identify changing points and trends in the recorded time-series. Before performing these analyses, the gaps in the data set were filled by means of the records available in the station that best matches (based on the Pearson correlation coefficient) the missing site data, using a linear regression approach [29] .
After the data integration, we proceeded with the computation of the accumulated anomalies [30] with the aim of capturing potential changing points in both the precipitation and temperature historical records. The accumulated anomaly at time t, E t , of the generic series X = (x 1, x 2, . . . , x n, ) was calculated as:
where x is the mean of X. In this work, the anomalies were evaluated at monthly scale, so x is month-dependent. The Mann-Kendall test [21, 22] was applied to identify the presence of trends in the time series at the 5% significance level. It is a non-parametric test, independent from the data distribution, used to detect the presence of monotonic trends. The correction recommended by Hamed and Rao [31] was applied to compensate the data serial correlation, which can affect the test results. The magnitude of the trend was quantified by the Theil-Sen estimator [23] , also a non-parametric method, which is less sensitive to outliers than the simple linear regression model.
All the analyses were performed, at monthly and annual scale, at each gauging station location. In addition, we considered the averaged climate variables over the study area, estimated using the Thiessen polygon method.
Analysis of the Climate Model Data
As reported in Section 2.1, for this study we made use of an ensemble of 13 RCM simulations with daily climate data available over a grid with resolution of 0.11 • (grid EUR-11, ∼12.5 km). As already mentioned before, RCM data may require the correction of systematic errors (bias correction); this is usually done with reference to a historical period (control period) for which observed and modeled time-series are available. The same correction factors identified in the control period are then assumed to hold for the future. Different methodologies are presented in literature for the bias correction of climate variables, from simple to more complex approaches (for a review see e.g., [9] ); the choice of the method depends on both the type of the observed data available and the objective of the study.
In this work, since only the total monthly rainfall was available, we adopted a linear-scaling approach to obtain corrected monthly precipitation data; the correction was applied for each month (m) individually. According to the method, the bias corrected total rainfall for the month m (h * m ), is obtained scaling the raw RCM value (h m ), on the basis of the ratio between the average of the observed (µ m,obs ) and the simulated (µ m,contr ) monthly precipitation, over the chosen control period:
Since for the evaluation of the future heat waves we need the daily projections, the temperature data for each day (d) were bias corrected still using a linear-scaling approach and for each month (m) separately. In particular, the daily raw RCM temperature values (T m (d)) were corrected based on the difference between the observed (µ m,obs ) and simulated (µ m,contr ) monthly temperature mean, over the chosen control period. The bias-corrected daily temperature (T * m (d)) is then evaluated as:
In this study, we selected the interval 1976-2005 (30 years) as control period, for correcting both the precipitation and temperature data.
Results and Discussion
In this Section, we report and discuss the main results of the analyses performed on the historical dataset (accumulated anomalies and trend analyses) and on the RCM projections.
Accumulated Anomalies
The accumulated anomalies were evaluated at each gauging station and for the whole Salento area (regional scale) using the historical monthly precipitation data, the number of rainy days and the monthly minimum, maximum and mean temperature records. For the sake of brevity, Figure 
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Results and Discussion
Accumulated Anomalies
The accumulated anomalies were evaluated at each gauging station and for the whole Salento area (regional scale) using the historical monthly precipitation data, the number of rainy days and the monthly minimum, maximum and mean temperature records. For the sake of brevity, Figure 2 shows only the accumulated monthly precipitation anomalies and the ones relative to the number of rainy days over the Salento area. Periods with precipitation above and below the mean of the analyzed time interval (1933-2012) alternate until the second half of the 70s (Figure 2a ), probably related to the natural fluctuation of the hydrological cycle. Then, a persistent downward slope of the accumulated anomalies indicates rainfall values lower than the mean until the mid-90s, when new fluctuations restart. According to Figure 2b , the number of rainy days shows an abrupt change point around the mid-50s, with a downward trend of the accumulated anomalies before 1950 (number of rainy days below the mean) followed by a period of rainy days above the mean (positive slope of the accumulated anomalies) until the mid-80s; fluctuations of different extent follow. In Figure 3 the monthly accumulated anomalies of the minimum, maximum and mean temperature records at regional scale are shown. The accumulated anomalies of the minimum temperature data ( Figure 3a ) indicate a clear changing point around the 80s. A moderate downward slope (monthly temperature below the mean value) is detected until 1980 with a plateau (monthly temperature around the mean value) between 1960 and 1970. After 1980, the temperature is on average above its mean value (upward trend) with an increase in the slope of the accumulated anomalies (higher positive deviations from the mean) after 2000. The accumulated anomalies of the maximum temperature records have a different behavior ( Figure 3b) ; after a period with values above the mean (with some fluctuations), a plateau between the mid-50 and 1970 is detected. Then the temperature stays below the mean and a changing point is detected at the end of the 90s when an upward trend starts. The monthly accumulated anomalies of the mean temperature data (Figure 3c) show moderate fluctuations around the mean until 1970, then a downward slope is detected (mean temperature below its mean) and a clear changing point is located at the end of the 90s followed by a period of temperature well above the mean (upward trend, higher slope). Figure 3b) ; after a period with values above the mean (with some fluctuations), a plateau between the mid-50 and 1970 is detected. Then the temperature stays below the mean and a changing point is detected at the end of the 90s when an upward trend starts. The monthly accumulated anomalies of the mean temperature data (Figure 3c ) show moderate fluctuations around the mean until 1970, then a downward slope is detected (mean temperature below its mean) and a clear changing point is located at the end of the 90s followed by a period of temperature well above the mean (upward trend, higher slope). Since changing points, plateaus and variations in the slope of the accumulated anomalies were detected for the climate variables, we chose to perform the further analyses (trend identification and quantification) not only for the whole period 1933-2012, but also for the shorter period 1976-2012 (in agreement also with Lionello et al., [20] ). 
Historical Trends
The trend analysis on the historical data was performed by means of the Mann-Kendall (MK) test and the Theil-Sen (TS) estimator. As mentioned before, two time intervals were chosen: the whole available period, 1933-2012, and the shorter one, 1976-2012. The analyses were conducted at each meteorological station and for the whole Salento area (regional scale) and at monthly and annual scale. Figure 4 shows the monthly and annual precipitation trend gradients for the two periods as evaluated by the TS estimator; the box-whisker plots represent the variability between the 30 rain gauges; the solid line depicts the trend gradient at the regional scale with an indication of its significance (95% confidence level). Table 2 reports the results of the trend analyses at regional scale for both the precipitation and the rainy days at monthly and annual scale.
The trends, in the period 1933-2012, do not show considerable variations of the precipitation values ( Figure 4a , Table 2 ), with alternating positive and negative gradients between months and stations; the tendencies are rarely significant ( Table 2 for the Salento area; the MK test results for all the gauges are not shown for brevity). At regional scale, the analyses indicate a decreasing rainfall trend from October to February with a maximum negative gradient in December of about 3.3 mm/decade. March and April precipitation exhibits an increasing trend together with the September one, which presents a positive gradient of 2.5 mm/decade and a statistically significant tendency. From May to August the trend is almost absent, with a small positive rate in June and July and a negative gradient in May and August. The trend in the total annual precipitation is moderate and not statistically significant with a gradient of −2.4 mm/decade (compare with the value of −14.9 mm/decade of Lionello et al. [20] for the whole Apulia in the period 1951-2005). Since changing points, plateaus and variations in the slope of the accumulated anomalies were detected for the climate variables, we chose to perform the further analyses (trend identification and quantification) not only for the whole period 1933-2012, but also for the shorter period 1976-2012 (in agreement also with Lionello et al. [20] ).
The trends, in the period 1933-2012, do not show considerable variations of the precipitation values ( Figure 4a , Table 2 ), with alternating positive and negative gradients between months and stations; the tendencies are rarely significant ( Table 2 for the Salento area; the MK test results for all the gauges are not shown for brevity). At regional scale, the analyses indicate a decreasing rainfall trend from October to February with a maximum negative gradient in December of about 3.3 mm/decade. March and April precipitation exhibits an increasing trend together with the September one, which presents a positive gradient of 2.5 mm/decade and a statistically significant tendency. From May to August the trend is almost absent, with a small positive rate in June and July and a negative gradient in May and August. The trend in the total annual precipitation is moderate and not statistically significant with a gradient of −2.4 mm/decade (compare with the value of −14.9 mm/decade of Lionello et al. [20] Table 2 ). The inter-station variability of the trend gradients is higher than that evaluated for the whole period. At annual scale, the trend of the total precipitation is positive with a gradient of about 41.1 mm/decade and the tendency is statistically significant.
No remarkable trends were identified for the monthly and annual number of rainy days over the Salento area (Table 2) In the shorter period 1976-2012 ( Figure 4b ) the precipitation trends, according to the regional time-series, are positive for all months but February, August and October; the tendencies are never statistically significant with the exception of September, which in addition presents the highest gradient (12.6 mm/decade in Table 2 ). The inter-station variability of the trend gradients is higher than that evaluated for the whole period. At annual scale, the trend of the total precipitation is positive with a gradient of about 41.1 mm/decade and the tendency is statistically significant.
No remarkable trends were identified for the monthly and annual number of rainy days over the Salento area (Table 2) ; the tendencies are always not significant with the exception of September, which The analysis of the historical temperature trends indicates a gradual warming of the Salento area. In the whole investigated period (1933-2012), the minimum temperature presents, according to the regional time-series, a positive trend for all months (Figure 5a, Table 3) ; the tendencies are always statistically significant with the exception of February, November and December. The highest positive gradients are found in the warm season with a maximum in May (0.30 • C/decade); the average annual minimum temperature increment is equal to 0.18 • C/decade (Table 3) . Positive trend gradients are evaluated for all the analyzed temperature gauges with few exceptions at both monthly and annual scale (Figure 5a ). In the period 1976-2012, according to the regional time-series, the minimum temperature exhibits a positive trend in all months but February (Figure 5b , Table 3 ). The trend gradients in the warm season are about three times higher than those estimated in the period 1933-2012, with a maximum rate in July and August of 0.79 • C/decade; the tendencies are statistically significant from April to September. At annual scale, the Salento area minimum temperature is increasing at a rate of 0.41 • C/decade and the trend is statistically significant. 
Regional Model Projections
To investigate the future climate over the Salento area, we made use of the data of 13 Regional Climate Models (RCMs, see Section 2). The monthly data were bias corrected, with reference to the whole Salento area (regional scale The maximum temperature, according to the regional time-series in the period 1933-2012, shows small variations (Figure 5c ) and the monthly trends are not statistically significant with the exception of January (0.09 • C/decade), July (−0.09 • C/decade) and September (−0.17 • C/decade). Whereas, in the period 1976-2012 (Figure 5d ), the monthly trends are always positive and statistically significant for 8 months (Table 3 , the exceptions are January, February, March and October). The highest gradients are in summer with a maximum in August equal to 1.09 • C/decade; the average annual maximum temperature increases at a rate of 0.57 • C/decade and the tendency is statistically significant. The maximum temperature gradients are positive for all stations, with very few exceptions ( Figure 5d) ; however, the gradient spatial heterogeneity increases with respect to the period 1933-2012.
The mean temperature analysis shows, over the Salento area in the period 1933-2012, moderate positive trend gradients for all months but September (Figure 5e , Table 3 ). The only statistically significant trends, at the regional scale, are identified in January and May; the last month has also the highest gradient (0.17 • C/decade). The annual trend is statistically significant and indicates that the Salento area is warming at a rate of 0.07 • C/decade (Table 3 , mean temperature). In the shorter period , the trends, according to the regional time-series, are positive in all months (Figure 5f , Table 3 ); the highest gradients are observed in summer with the maximum in August (0.97 • C/decade). The tendencies are statistically significant for the months from April to September and November and for the annual time-series, which points out that the mean temperature over the study area is increasing at a rate of 0.49 • C/decade (Table 3 , mean temperature); all the stations show positive trend gradients with few exceptions (Figure 5f ).
These results are comparable with the findings of Lionello et al. [20] for the whole Apulia, proving that the entire region is experiencing a warming trend that has mainly affected the late spring-summer seasons.
To investigate the future climate over the Salento area, we made use of the data of 13 Regional Climate Models (RCMs, see Section 2). The monthly data were bias corrected, with reference to the whole Salento area In the following, we report the analyses carried out on the monthly and annual precipitation and the monthly and annual mean temperature, under the two emission scenarios RCP4.5 and RCP8.5; all the results refer to the bias-corrected RCM data.
With reference to the annual total precipitation, according to the RCM ensemble mean, the climate models mimic very well the observed data in the reference period (Table 4 , RP), with a deviation of about 1.2%; the interquartile range (IQR) of the RCM ensemble is 25.2 mm ( Figure 6 , the RCM variability is summarized with the box-whisker plots). At monthly scale, the precipitation regime is overall reproduced (Figure 6 , Table 4 , RP), although absolute deviations up to about 15% (ensemble mean) are identified in some months. In particular, in February, all the RCMs overestimate the observed precipitation ( Figure 6 ) with a variation of 15% according to the ensemble mean (Table 4 , RP); the deviation between the climate model ensemble mean and the observed value rises to 15.5% in August. In September, all the RCMs underestimate the observed precipitation with a deviation of 12.3% (Table 4 , RP) according to the ensemble mean; in the other months the differences do not exceed 5.2%. It is noteworthy that, according to the observed precipitation, the deviations between each year value and the corresponding average in the control period ) reach 66% at annual scale and exceed 400% at monthly scale; the RCM errors in reproducing the observed climate in the reference period (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) can therefore be ascribed to these very high interannual natural variations. The IQRs at monthly scale are between 2.5 mm and 8.8 mm denoting a very moderate inter-model variability in the reference period. Figure 7 shows the precipitation projections for the three analyzed future periods and the two scenarios at monthly and annual scale. In each plot of Figure 7 , the variability between the 13 RCMs is summarized with the box-whisker plots; the ensemble mean evaluated in the reference period (1986-2005) is depicted for comparison. Table 4 reports the RCM ensemble mean for the three future periods and the two RCPs at annual and monthly scale, together with the percentage variations with respect to the corresponding ensemble mean in the reference period. The robustness of the variations is also reported in Table 4 ; a variation is considered robust if at least 9 models of the 13 (more than 66%, [28] ) agree in the direction of the change based on the RCM ensemble mean.
According to the RCP4.5 and the RCM ensemble mean (Table 4) , the analysis does not detect significant changes in the annual precipitation between the three future periods and the reference one, with variations in the range +2.3% (ST) and −1.0% (LT); the changes are never robust. The variability among the RCMs is high with interquartile ranges (IQRs) of the annual precipitation of about 53 mm at ST, 55 mm at MT and 98 mm at LT; the IQRs result higher than the mean variations between the periods. At the short term, under the RCP4.5 scenario and according to the ensemble mean, the highest increases of the monthly precipitations, with respect to the reference period, are in January (+19.0%), November (+10.8%, robust change) and October (+6.9%), while the highest decreases are in April (−11.0%) and July (−16.5%) and they are both robust; the variations are below 5% in the other months. At the medium term (RCP4.5), the results (ensemble mean) indicate an increase in precipitation in the months from September to February and in June, the maximum is in November (+16.9%, robust change); in the other months, the precipitation decreases with a minimum in August (−24.3%) and a robust change of −21.6% in July. At the long term (RCP4.5), the highest decreases in precipitation (ensemble mean) are estimated from March to May and July (robust change) and August, with the maximum in April (−18.7%, robust change); the highest increments are in January (+9.3%) and November (+10.8%, robust change), while the variations are below 5% in the other months. According to the RCP8.5 and the RCM ensemble mean (Table 4) , the annual precipitation variations at short-and medium-term (with respect to the RP) are similar to the one estimated for the RCP4.5: +2.4% (IQR = 76 mm) at ST and +0.5% (IQR = 85 mm) at MT; the results indicate a decrease of 7.6% (IQR = 134 mm) at long-term; the changes are never robust. Also in this case, the IQRs result higher than the mean variations between the periods. At the short-term, positive and negative variations (ensemble mean) alternate between months, with the maximum increments in November (+20.2%, robust change) and the highest decreases in July (−22.0%, robust change) and August (−10.1%). At the medium-term, a decrease in precipitation (ensemble mean) is estimated from February to September with the maximum changes (robust) still in July (−24.0%) and August (−23.3%); the highest increase is in November of 18.2% (robust change). At the long-term, a decrease in precipitation is expected for all months but October (+6.3%) and November (+14.1%, robust change). The reduction in rainfall is higher than 24% from April to August with the maximum in July (−34.1%); the changes are robust in all cases.
The absolute variations in the annual rainfall between the three analyzed future periods and the reference one are in the range of about −50 mm and +15 mm; these values are comparable with the findings of Desiato et al. [17] , although their signs are not always concordant in the same period. At monthly scale, the slight decrease of the precipitation in the summer season and a corresponding increase in the winter months, are in accordance with the study of Kapur et al. [19] . Figure 8 shows the comparison between the mean temperature observed and estimated by the RCMs (their variability is displayed with the box-whisker plots) in the reference period at monthly and annual scale. Thanks to the bias correction of the RCM data, the thermometric regime of the Salento area is accurately reproduced; according to the ensemble mean, the difference between the RCM annual mean temperature and the observed one, in the reference period, is equal to −0.1 • C (Table 5, Figure 9 shows the temperature projections for the three future periods and the two RCPs at monthly and annual scale; the RCM variability is summarized with the box-whisker plots; the ensemble mean evaluated in the reference period (1986-2005) is depicted for comparison. Table 5 reports the RCM ensemble mean for the three future periods and the two RCPs at annual and monthly scale; the differences with respect to the corresponding ensemble mean in the reference period (and the robustness of the variations) are also presented to facilitate the result interpretation. A progressive increase of the temperature over the Salento area is unequivocal according to all the RCMs projections and both the analyzed emission scenarios (Table 5, Figure 9) ; the changes are robust in all cases. At the short term, the RCMs (ensemble mean) estimate an increase of the mean temperature in all the months with respect to the reference period (Table 5) Overall, the outcomes of our study are in the range of the findings of Desiato et al. [17] for the whole Italy. The results of Kapur et al. [19] , that show an increase in temperature of about 2 • C at the end of the century, are in agreement with our outcomes under the RCP4.5 scenario, while the estimation of Lionello et al. [20] , an increase of 2 • C at 2050, better agree with our RCP8.5 results. As highlighted by these differences, it is important, besides the use of a large ensemble of climate models that helps in exploring their uncertainty, to make future projections according to different scenarios. The future rates of the greenhouse gas emissions are still unclear and conditioned by many factors that, although the political efforts toward their reduction worldwide, suggest to explore multiple working hypothesis, as in the old concept of Chamberlin [32] .
Future Heat Waves
We used the daily temperature data of the 13 Regional Climate Models (RCMs) to identify potential future changes in the characteristics of the heat waves. We say that a heat wave occurs when the daily mean temperature exceeds a chosen threshold for at least a selected number of consecutive days. In this work, the threshold is model dependent and for each RCM corresponds to the 95th percentile of the June, July and August daily mean temperature projections in the reference period (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) . The threshold is equal to 28.8 ± 1.4 • C, where the variability corresponds to the 95% confidence interval (based on the ensemble of the 13 thresholds). Figure 10 shows the frequency of the heat waves per year (number of threshold exceedances per year) for different values of consecutive days for the reference period (RP) and at the short-, medium-, and long-term, for both the RCP4.5 and the RCP8.5; the variability between the climate models is summarized by means of the box-whisker plots. Table 6 sums up the results reporting the frequency of the heat waves per year in terms of RCM ensemble mean. The heat waves progressively increase over time; the threshold exceedances are higher for the RCP8.5 than the RCP4.5. With reference to 5 consecutive days and the ensemble mean, the number of exceedances is about 1 per year in the reference period, about 3 at ST, 10 at MT and 13 at LT according to the RCP4.5; the values increase to 4 at ST, 17 at MT and 45 at LT for the RCP8.5. The uncertainty is high and the inter-model variability increases in time; however, the mean results are alarming. This aspect should not be overlooked, especially in an area like the Salento where the summer season is already hot and dry. The social and economic impacts of more frequent heat waves could be significant, since the population health, the biodiversity and the ecosystems, as well as tourism and the crop yields, are directly affected. In this context, the study of Ahmadalipour et al. [16] shows that the morbidity and mortality risk, for people aged over 65 years, due to excessive heat stress is expected to increase in the Middle East and North Africa region (that encompasses the Salento area) for the 21st century; the population should be more aware of the importance of these problems. In addition, the high mortality risk, related to the intensification of the extreme temperature and heatwaves emphasizes the necessity of climate change mitigation and adaptation strategies.
Conclusions
In this study, historical monthly precipitation and temperature data recorded in the Salento area in the period 1933-2012 were analyzed to identify changing points and trends in the time-series. The accumulated anomalies of the minimum and maximum temperature showed a clear changing point around the 80s and at the end of the 90s, respectively. A positive trend of the minimum temperature, statistically significant for almost all months, is detected in the period 1933-2012 with the highest gradients in the warm season; the trend gradients considerably increase in the shorter period 1976-2012. At annual scale, the Salento area minimum temperature has increased at a rate of 0. 18 The uncertainty is high and the inter-model variability increases in time; however, the mean results are alarming. This aspect should not be overlooked, especially in an area like the Salento where the summer season is already hot and dry. The social and economic impacts of more frequent heat waves could be significant, since the population health, the biodiversity and the ecosystems, as well as tourism and the crop yields, are directly affected. In this context, the study of Ahmadalipour et al. [16] shows that the morbidity and mortality risk, for people aged over 65 years, due to excessive heat stress is expected to increase in the Middle East and North Africa region (that encompasses the Salento area) for the 21st century; the population should be more aware of the importance of these problems. In addition, the high mortality risk, related to the intensification of the extreme temperature and heatwaves emphasizes the necessity of climate change mitigation and adaptation strategies.
In this study, historical monthly precipitation and temperature data recorded in the Salento area in the period 1933-2012 were analyzed to identify changing points and trends in the time-series. The accumulated anomalies of the minimum and maximum temperature showed a clear changing point around the 80s and at the end of the 90s, respectively. A positive trend of the minimum temperature, statistically significant for almost all months, is detected in the period 1933-2012 with the highest gradients in the warm season; the trend gradients considerably increase in the shorter period 1976-2012. At annual scale, the Salento area minimum temperature has increased at a rate of 0. ; the trend of the total precipitation is positive (+41.1 mm/decade) and statistically significant. Also the number of September rainy days presents a positive and significant trend in both the analyzed periods; a tendency that could affect the beach tourism, which is generally still high in this month.
We then used 13 GCM-RCM climate projections of the EURO-CORDEX ensemble, under the RCP4.5 and RCP8.5 scenarios, to assess the future climate over the Salento area at short-(2016-2035), medium-(2046-2065) and long-term (2081-2100). According to the RCM ensemble mean, no significant (−1.0 ÷ +2.3% with the exception of the RCP8.5 at long-term, that is −7.6%) and robust variations (with respect to the reference period 1986-2005) are expected for the future total annual rainfall. However, the inter-model variability, the period being equal, often exceeds the expected future changes. Systematic changes are present in some months; in particular, robust decreases of the April (−8.0 ÷ −24.5%) and July (−15.0 ÷ −34.1%) precipitation are estimated for three analyzed periods and both the RCP scenarios, as well as robust increases in November (+10.8 ÷ 20.2%).
The gradual increase of the Salento temperature, already detectable through the analysis of the historical data, is confirmed by the climate model projections. All the analyzed models agree (robust change) on the increasing of the mean temperature over the century for all months with the highest positive variations in the warm season (May-September). The annual mean temperature could be more than 2 • C higher (with respect to the 1986-2005 one) at the end of this century according to the RCP4.5 scenario and reaches an increment of about 4 • C under the RCP8.5.
In addition to the above analyses that makes use of monthly data, we took advantage of the daily temperature projections of the climate models to identify potential variations in the characteristics of the heat waves. Despite the high inter-model variability, the frequency of the heat waves per year is expected to gradually increase over the century.
Increasing temperature and decreasing rainfall can also negatively impact water resources, both in terms of quantity and quality [33] , in an area that already has a water budget deficit, imports water from the neighboring regions [20] and overexploits its coastal aquifers with increasing salinization problems [34] . Our work can be a starting point but further studies are required to investigate these not so obvious and local aspects.
Finally, we believe that local studies are also important to raise awareness about climate change consequences in the population and the regional authorities and can help to promote feasible development policies and sustainable mitigation plans, which are essential to reach the global goal set during the COP21.
